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ABSTRACT

A balanced solenoid operated valve having a balanced
solenoid plunger, and the valve can be made as a three-
way valve or a four-way valve. In the four-way valve
embodiment the solenoid plunger balancing means also
functions as a sliding spool valve for controlling the
flow of fluid through the valve between two valve
ports. The four-way valve can be made with a valve
body comprising an upper member and a lower mem-
ber, and wherein the lower member can be adjusted
relative to the upper member to vary the locations of
the valve ports relative to each other.

8 Claims, 23 Drawing Figures
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SOLENOID OPERATED VALVE WITH
BALANCING MEANS

BACKGROUND OF THE INVENTION

1. Technical Field

The field of art to which this invention pertains may
be generally located in the class of devices relating to
valves. Class 137, Fluid Handling, United States Patent
Office Classification, appears to be the applicable gen-
eral area of art to which the subject matter similar to
this invention has been classified in the past.

2. Background Information

It is known in the valve art to provide three-way and
four-way valves for controlling the flow of fluid, either
air or hydraulic oil, to a device which is to be controlled
by fluid under pressure, as for example, another valve
or a fluid cylinder. Heretofore, solenoid operated
valves required a large solenoid thrust when the valve
was used to control high pressure fluids, to overcome
the spring pressure required to maintain the solenoid
plunger in the closed position. The problem solved by
the present invention is the elimination of the need of a
high solenoid thrust in a solenoid operated valve, by the
provision of a unique balancing means which balances
the solenoid plunger.

An example of a prior art solenoid operated, three-
way valve with pressure balancing is illustrated in U.S.
Pat. No. 3,865,140. However, the solenoid operated
valve disclosed in this patent does not provide a direct
balancing means for the solenoid plunger or armature,
and 1t involves a complicated hydraulic balancing struc-

ture which includes a tandem valving operation, valv-
ing orifices, and other associated structures.

SUMMARY OF THE INVENTION

In accordance with the present invention, a balanced
three-way and four-way solenoid type valve is provided
which is small in structure. The solenoid operated
valves, with balancing means, made in accordance with
the invention may be used for separate three-way or
four-way valve control functions, or they may be used
as a pilot valve in combination with other valves, such
as a three-way or four-way valve having a sliding main
valve spool, for controlling the same.

The present invention overcomes the aforementioned
problem of balancing a solenoid valve by providing a
balancing means which is directly attached to the sole-
noid plunger or armature so as to balance the solenoid
when it 1s in a de-energized or energized position. In a
four-way valve made in accordance with the principles
of the present invention, the balancing means is at-
tached directly to the solenoid plunger or armature, and
1t also functions as a sliding spool valve for controlling
the flow of fluid through the valve between two valve
ports. The unique structure of the solenoid operated
valve, with balancing means, provides a valve structure
which can be made to a small size because of the bal-
anced solenoid structure. The unique feature of the
four-way valve made in accordance with the present
invention is that it can be made with a valve body that
comprises two parts, and wherein the lower body mem-
ber can be rotated relative to the upper body member to

provide adjustability for adjusting the relative positions
- of the cylinder, exhaust and inlet ports.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an elevation section view of a three-way
solenoid operated valve with balancing means, made in
accordance with the present invention, and showing the
valve in a de-energized position.

FIG. 2 1s a fragmentary, horizontal section view of
the valve structure illustrated in FIG. 1, taken along the
line 2—2 thereof, and looking in the direction of the
arrows.

FIG. 3 is a fragmentary, elevation view, with parts
removed, of the valve structure illustrated in FIG. 1,
taken along the line 3—3 thereof, and looking in the
direction of the arrows.

F1G. 4 1s an elevation section view, similar to FIG. 1,
of the three-way valve illustrated in FIG. 1, and show-
ing the three-way valve in an energized position. _

FIG. 3 is an elevation section view, similar to FIG. 1,
and showing the same three-way valve structure as
tllustrated in FIG. 1, but showing the valve provided
with a pole piece exhaust port that is threaded for con-
nection to an exhaust pipe.

FIG. 6 is an elevation section view of a four-way
solenoid operated valve with balancing means, made in
accordance with the present invention, and showing the
valve in a de-energized position.

FIG. 7 is an elevation section view, similar to FIG. 6,
and showing the four-way valve of FIG. 6 in an ener-
gized position.

F1G. 8 1s an elevation section view, similar to FIG. 6,
and showing the four-way valve of FIG. 6 provided
with a pole piece exhaust port that is threaded for con-
nection to an exhaust pipe.

FIG. 9 1s a reduced, bottom plan view of the four-
way valve illustrated in FIG. 8, taken along the line

9—9 thereof, and looking in the direction of the arrows.
FIG. 10 is a fragmentary, elevation perspective view,

with the solenoid operator shown in fragment, of a
four-way solenoid operated valve made in accordance
with the invention, and which is provided with a valve
body having an upper body member and a lower body
member and with said upper and lower body members
being adjustable, relative to each other, to position the
ports therein in different positions.

F1G. 11 1s an elevation perspective view, similar to
FIG. 10, and showing the lower body member rotated
to a position differing from that shown in FIG. 10.

FIG. 12 is an elevation section view, with parts re-
moved, of the four-way valve structure illustrated in
FIG. 10, taken along the line 12——12 thereof, and look-
ing in the direction of the arrows.

FIG. 13 1s a top plan view of the upper body member
illustrated in FIG. 12, taken along the line 13—13
thereof, and looking in the direction of the arrows.

FIG. 14 is a rear elevation view of the upper body
member illustrated in FIG. 13, taken along the line
14—14 thereof, and looking in the direction of the ar-
TOWS.

FIG. 13 is a right side elevation view of the upper
body member illustrated in FIG. 13, taken along the line
1515 thereof, and looking in the direction of the ar-
TOWS.

FIG. 16 is a bottom plan view, with parts removed, of
the upper body member illustrated in FIG. 12, taken
along the line 16—16 thereof, and looking in the direc-
tion of the arrows.

FIG. 17 is a left side elevation view of the upper body
member illustrated in FIG. 13, taken along the line
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17—17 thereof, and looking in the direction of the ar-
TOWS.

FIG. 18 1s an elevation section view of the upper
body member structure illustrated in FIG. 13, taken
along the line 18—18 thereof, and looking in the direc-

tion of the arrows.
FIG. 19 is a fragmentary, elevation section view of
the solenoid upper poppet seat formed in the upper

body member.

FIG. 20 is a top plan view, with parts removed, of the
lower body member illustrated in FIG. 12, taken along
the line 20—20 thereof, and looking in the direction of
the arrows.

FIG. 21 is a left side elevation view of the lower body
member illustrated in FIG. 20, taken along the line
21—21 thereof, and looking in the direction of the ar-
rOWS.

FIG. 22 is a right side elevation view of the lower
body member structure illustrated in FIG. 20, taken
along the line 22—22 thereof, and looking in the direc-
tion of the arrows.

FIG. 23 is a bottom plan view of the lower body
member illustrated in FIG. 22, taken along the line
23—23 thereof, and looking in the direction of the ar-

TOWS.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring now to the drawings, and in particular to
FIG. 1, the numeral 10 generally designates a three-way
valve body made in accordance with the invention. The
numeral 12 designates a solenoid operator, and the nu-
meral 11 generally designates a pole piece exhaust port
adaptor for holding the various parts of the solenoid
operator 12 together. As shown in FIGS. 1 and 2, the
solenoid operator 12 includes a cylindrical solenoid
plunger guide tube 15 which has an enlarged, integral
lower end 16 that is threaded on the outer periphery
thereof, as indicated by the numeral 17. The valve body
10 is provided on 1ts upper end with a downwardly and
inwardly extended recess which is internally threaded,
as indicated by the numeral 18, for the threaded recep-
tion of the threaded portion 17 of the lower end 16 of
the solenoid plunger cylindrical guide tube 13.

As shown in FIG. 1, a cylindrical pole piece 19 has its
lower end slidably mounted in the upper end of the
plunger guide tube 15, and the upper end thereof ex-
tends above the upper end of the guide tube 15, and 1t 1s
exteriorly threaded, as indicated by the numeral 20. The
threaded upper end 20 of the pole piece 19 is adapted to
be threadably mounted in a threaded bore 21 which is
formed in the exhaust port adaptor 11, on the lower side
thereof. A suitable O-ring seal 22 is mounted in the
threaded bore 21 for sealing against leakage of fluid out
through the threaded connection between the threaded
pole piece end 20 and the threaded bore 21. A suitable
O-ring seal 23 1s also mounted in the threaded bore 18
for sealing against fluid leakage through the threaded
connection between the lower threaded end 17 of the
solenoid plunger guide tube 15 and the threaded bore 18
in the valve body 10.

As shown in FIG. 1, the pole piece 19 has formed
therethrough a longitudinally extended, centrally dis-
posed, tubular exhaust passage 25 which communicates
with a similar exhaust passage 26 in the exhaust port
adaptor 11. The outer end of the exhaust passage 26
comprises an exhaust port which 1s adapted to exhaust
to the atmosphere, or be connected to a suitablie exhaust
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system for conveying fluid exhausting through the pas-
sageway 26 to a desired place or position. The lower or
inner end of the pole piece exhaust passage 25 termi-
nates at an annular, sharp edged poppet valve seat 27.

The solenoid operator 12 includes a conventional
solenoid coil 30 which is disposed around the solenoid

plunger cylindrical guide tube 15. The upper end of the
solenoid coil 30 is seated against the underside 31 of the

exhaust port adaptor 11. The lower end of the solenoid
coil 30 is provided with a stepped lower end surface, as
indicated by the numerals 32 and 33. As shown in FIG.
1, the stepped lower end surface portions 32 and 33 of
the solenoid coil 30 are adapted to be seated on the
stepped upper surface portions 34 and 35 of the lower
end 16 of the solenoid plunger cylindrical guide tube 15.

The solenoid operator 12 includes a flux ring 38
which is shown in FIG. 1 as being mounted around the
upper end of the solenoid coil 30, with its lower end
seated on the upper end 39 of the cylindrical solenoid
housing 40, and its upper end being seated against the
lower end 31 of the exhaust port adaptor 11. As shown
in FIG. 1, the lower end 41 of the solenoid housing 40
is seated on the upper stepped surface portion 35 of the
lower end 16 of the solenoid plunger guide tube 15. It
will be seen that the exhaust port adaptor 11 functions
as a retainer whenit is threadably moved into a tight
position against the upper ends of the solenoid coil 30
and the flux ring 38, to hold these two members and the
solenoid housing 40 securely in place on the stepped
upper end portions 34 and 35 of the solenoid guide tube
lower end 16. The numerals 42 and 43 in FIG. 1 desig-
nate the usual electrical power lead wires for the sole-
noid coil 30.

As shown in FIGS. 1 and 2, the solenoid plunger or
armature 47 carries a cylindrical sleeve 48 which is
fixed thereto by staking. The solenoid plunger 47 and
sleeve 48 are slidably mounted within the cylindrical
bore or interior 46 of the solenoid plunger guide tube
15. As shown in FIGS. 1 and 2, a plurality of longitudi-
nally extended exhaust slots 49 are formed axially
through the plunger sleeve 48, for the entire length of
the sleeve 48. The solenoid guide tube 15, with its inte-
gral lower end 16, comprises a magnetic frame for the
solenoid plunger 47.

As shown in FIG. 1, the upper end of the solenoid
plunger 47 has an inwardly extended bore 52 which
communicates with an enlarged bore 53 that extends
further inwardly and downwardly in the plunger 47, as
viewed in FIG. 1. A valve seal 54, having an inverted

‘T-shaped in vertical cross section body, as shown in

FIG. 1, is seated in the bore 52, with the enlarged T-
head seated on the shoulder formed by the junction of
the bores 52 and 53. A suitable coil spring 53 is mounted
in the bore 53 with its upper end in seating engagement
against the poppet seal 54, and the lower end seated
against the inner end wall of the bore §3. The poppet
valve seal 54 is made from any suitable material, as for
example, an elastomeric material.

As shown in FIG. 1, the lower end of the solenoid
plunger sleeve 48 is provided with a radial, outwardly
extended, integral flange 58 on which is seated the
lower end of a plunger return spring 59. The lower end
of the plunger 47 and sleeve 48 with the flange 58 and
the return spring 59 are movably mounted 1n an en-
larged diameter axial recess 60, that is formed in the
lower end 16 of the solenoid plunger guide tube 15. The
recess or bore 60 communicates with the lower end of
the smaller diameter bore 46. The upper end of the
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return spring 39 is seated against the shoulder formed
by the intersection of the bore 46 and the enlarged bore
60. The return spring 59 normally biases the solenoid
plunger 47 downwardly, so as to engage the poppet
valve seal 64 that is carried in the lower end of the
solenoid plunger 47 into seating engagement on the
poppet valve seat 66 which is formed in the valve body
10, as described more fuly in detail hereinafter. The

numeral 61 generally designates a manual operator for
manually moving the solenoid plunger 47 upwardly to
move the poppet seal 64 off of the seat 66, as desired.

As shown in FIG. 1, the valve body 10 is provided
with an axially extended bore 67 which is positioned
axially of the solenoid plunger 47. The axial bore 67
extends downwardly into the valve body 10 from the
poppet valve seat 66. An inlet passage 68 is formed
through the valve body 10, and its inner end communi-
cates with the axial bore 67, and the outer end thereof
communicates with the exterior of the valve body 10
and functions as an inlet port. It will be understood that
the inlet passage 68 would be connected to a suitable
source of fluid under pressure, as for example, a source
of pressurized air. A cylinder passage 69 is also formed
through the valve body 10 in a position above the inlet
passage 68. The cylinder passage 69 communicates at its
inner end with the bore 86 in the valve body 10. The
bore 86 communicates at its upper end with the bore 60
In the solenoid plunger guide tube lower end 16. The
cylinder passage 69 also functions as a cylinder port for
connection to a device to be supplied with fluid under
pressure for operating the same.

As shown in FIG. 1, a solenoid counter-balancing
means, generally indicated by the numeral 72 is mov-
ably mounted in the axial bore 67 for axial movement
therein. The solenoid counter-balancing means 72 com-

prises an elongated counter-balancing spool member,
which includes an elongated shaft 73 that is provided
with an integral, enlarged, annular flange 74 on the
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upper end thereof, as viewed in FIG. 1. A threaded .

shaft 75 is integrally formed on the upper end of the
shaft flange 74, as viewed in FIG. 1. The threaded shaft
75 1s mounted through a bore 77 in the poppet valve seal
64, and it extends into threaded engagement with an
aligned threaded bore 76 in the lower end of the sole-
noid plunger 47. When the shaft threaded end 75 is
threaded firmly into place, the annular flange 74 seats
against the poppet valve seal 64 in a central position and
inwardly from the portion of the seal which engages the
annular poppet valve seat 66.

As viewed in FIG. 1, the counter-balancing means
shaft 73 is provided at its lower end with a pair of inte-
gral, longitudinally spaced apart flanges 80, between
which 1s operatively mounted an O-ring seal 81 for
sliding, sealing engagement with the surface of the axial
bore 67. A vent hole 82 is formed through the valve
body 10 to communicate the lower end of the bore 67,
below the lower flange 80, on the shaft 73, with the
exterior of the valve body 10.

It will be seen, that the valve illustrated in FIG. 1 is
in the de-energized position. As shown in FIG. 1, the
solenoid plunger 47 is in a balanced condition since the
diameter at the lower end of the elongated counter-
balancing shaft seal 81 is the same as the diameter of the
poppet valve seat 66 which is closed by the poppet
valve seal 64. The last described counter-balancing
action permits the solenoid operator 12 to be provided
~with a return spring 59 which has a light thrust action
since it does not have to overcome the pressure of the
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fluid in the bore 67 in order to hold the poppet seal 64

in position on the poppet valve seat 66 when the valve
is in the de-energized position.

As shown in FIGS. 1 and 3, the valve body 10 is
provided with a transverse bore 85 in which is rotatably
mounted a manual operator, generally indicated by
numeral 61. The manual operator 61 comprises a cylin-
drical body which is rotatably mounted in the bore 85,
and which has a slot 88 in the outer end thereof for the
insertion of a tool to rotate the operator 61. The manual
operator 61 has integrally formed on the inner end
thereof an eccentrically mounted cylindrical cam 87
which is adapted to move upwardly and seat against the
bottom 89 of the flange 58 on the solenoid plunger 47
when the manual operator 61 is rotated in a direction to
move the cam member 87 upwardly into engagement
with the flange 58. A set screw 90 is threadably
mounted in a threaded bore 91, which is formed in the
valve body 10, and which extends longitudinally down-
ward, as viewed in FIG. 1, into the bore 85. The lower
end of the set screw 90 is adapted to be engaged in a
peripheral groove formed on the outer surface of the
cylindrical body of the manual operator 61 so as to hold
the manual operator 61 against longitudinal movement,
but permit the manual operator 61 to be rotated. The
manual operator 61 is provided with a suitable O-ring
seal 92 which is mounted in a peripheral groove around
the periphery thereof. |

When the valve illustrated in FIG. 1 is in the deener-
gized position shown therein, fluid under pressure en-
tering the inlet passage 68, passes into the axial bore 67
and 1s prevented from flowing into the cylinder passage
69 by the lower poppet valve seal 64 being seated on the
valve seat 66. The fluid under pressure acts with equal
pressure, on the bottom end flanges 80 and seal 81 of the

counterbalancing means 72, and on the poppet valve
seal 64 to provide a balanced solenoid plunger 47 in the
position shown in FIG. 1. In the position shown in FIG.

1, the cylinder passage 69 is connected to the exhaust
passage 26, by a passageway connecting the bores 60
and 86, and through the slots 49, the bore 46 at the
upper end of the solenoid plunger 47, and the passage 25

which connects with the exhaust passage 26.

When the solenoid operator 12 is energized, the sole-
noid plunger 47 moves upwardly so as to lift the lower
poppet valve seal off of the lower poppet valve seat 66,
and seat the upper poppet valve seal 54 against the
upper poppet valve seat 27. In the position shown in
FI1G. 4, the exhaust passageway from the cylinder pas-
sage 69 to the exhaust passage 26 is closed. However,
pressurized fluid is allowed to flow from the inlet pas-
sage 68 and through the axial bore 67 and the open
lower poppet valve seat 66 and through the bore 86
which communicates with the cylinder passage 689.
When the solenoid operator 12 is de-energized, the
solenoid plunger 47 is returned to the de-energized or
initial position shown in FIG. 1 by the action of the
return spring 59.

FIG. § discloses a three-way valve which is substan-
tially similar to the three-way valve illustrated in FIGS.
1 through 4, but which is provided with threaded ports
for piped connections. The parts of the embodiment of
FIG. § which are the same as the parts of the first valve
embodiment of FIGS. 1 through 4 have been marked
with the same reference numerals followed by the small
letter -“‘a”. In the embodiment shown in FIG. 5, the
exhaust adaptor 11 employed in the embodiment of
FI1G. 1 has been replaced by a threadably mounted lock
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nut 95 which is mounted on the external threaded por-
tion 20a of the pole piece 19a, and which functions to
secure the various parts of the solenoid operator 12¢ in
position in the same manner as the exhaust adaptor 11 of
the first embodiment of FIGS. 1 through 4. A suitable
O-ring seal 98 is operatively mounted within the nut 95

and around the threaded portion 20z on the pole piece
194, in a position adjacent the upper end of the solenoid

plunger guide tube 15. The pole piece 194z 1s provided
with an internally threaded outlet passage 99, at the
upper or extreme outer thereof end, which communi-
cates with the upper end of the exhaust passage 23a.

The pressurized fluid inlet passage 684 communicates
at its outer end with an enlarged threaded inlet port 96.
The cylinder passage 692 communicates at 1ts outer end
with a threaded cylinder port 97.

The three-way valve embodiment of FIG. 5 functions
in the same manner as described hereinbefore for the
three-way valve embodiment of FIGS. 1 through 4.

FIGS. 6 and 7 disclose a four-way valve embodiment
made in accordance with the invention. The parts of the
four-way valve illustrated in FIGS. 6 and 7, which are
the same as the parts of the three-way valve of the first
embodiment of FIGS. 1 through 4 have been marked
with the same reference numerals followed by the small
letter “b”.

In the embodiment of FIGS. 6 and 7, the valve body
106 has been made in two parts, with an upper member
being designated by the numeral 104 and a lower mem-
ber being designated by the numeral 105. The valve
body lower member 105 is provided on its upper side
with an annular boss or projection 108 which 1s adapted
to be rotatably seated in an annular recess 109 which is
formed in the lower side of the valve body upper mem-
ber 104. The valve body lower member 105 is releasably
secured to the valve body upper member 104 by a plu-
rality of suitable machine screws 106 which are adapted
to pass through suitable bores in the valve body lower
member 105 and extend into threaded bores in the lower
end of the valve body upper member 104.

As shown in FIG. 6, a second cylinder passage 100 is
formed in the valve body upper member 104 at a posi-
tion below the inlet passage 68b. The inner end of the
second cylinder passage 100 communicates through an
opening 101 with a transverse annular chamber 102
which is formed in the boss 108 of the valve body lower
member 105. The annular chamber 102 communicates
with the axial bore 675 in which is slidably mounted the
- counter-balancing means 725.

As shown in FIG. 6, a second exhaust port passage
103 is formed 1n the valve body lower member 105, and
the inner end thereof communicates with the lower end
of the axial bore 675 at a position below the counter-
balancing means 72. A. suitable O-ring seal 107 is opera-
tively mounted in an annular groove on the lower side
of the valve body upper member 104, and 1t sealingly
engages the upper surface of the valve body lower
member 105.

FIG. 6 shows the four-way valve in a de-energized
position, and FIG. 7 shows the four-way valve in the
energized position. In the de-energized position shown
in FIG. 6, the solenoid plunger 470 1s 1n a balanced
condition for the same reasons as described for the first
embodiment of FIGS. 1 through 4. The inlet passage
68b admits fluid under pressure into the axial bore 675,
between the poppet seal 6456 which is seated on the seat
665, and the lower end of the counter-balancing means
72b. The fluid under pressure passes from the inlet pas-
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sage 680 and into the axial bore 675, and then down-
wardly through the chamber or passage 102 and
through the opening 101, and then through the second
cyhinder passage 100 to the device to be controlled by
the fluid under pressure. The {first cylinder passage 695
is connected to the exhaust passage 260 1n the same

manner as described hereinbefore for the first embodi-
ment of FIG. 1 when it was in the de-energized posi-
tion. When the solenoid operator 124 is energized, the

solenoid plunger 476 moves upwardly to the position
shown in FIG. 7, so as to seat the upper poppet valve
seal 54b on the poppet valve seat 27b and close the
exhaust passage 26b. The first cylinder passage or port
695 is connected through the bore 865 1n the valve body
upper portion 104 to the axial bore 675. The fluid under
pressure 1s then allowed to pass from the inlet passage
68b through the last mentioned path into the first cylin-
der passage 695 for transmission to a device to be con-
trolled by the pressurized fluid. The second cylinder
passage or port 100 is connected to the second exhaust
passage or port 103 through the opening 101, the recess
102 and the lower end of the axial bore 675.

It will be seen, that in the embodiment of FIGS. 6
through 7, that the counter-balancing means 726 func-
tions not only as a counter-balancing means but also as
a sliding valve spool. When the solenoid operator 125 is
de-energized the return spring 595 returns the solenoid
plunger 47b back to the initial position shown in FIG. 6
to reverse the flow of fluid through the four-way valve.

The valve body lower member 105 can be rotated
from the position shown in FIGS. 6 and 7, so as to move
it to a new position. The last mentioned rotative ability
of the valve body lower member 105 is provided by the
fact that the threaded bore holes in the lower end of the
valve body upper member 104 for the machine screws
106 can be so positioned at a desired number of loca-
tions as to permit two of the screws 106 to be used to
secure the valve body lower member 105 1n any ad-
justed, desired rotative position, in the same manner as
described hereinafter for the embodiment disclosed in
FIGS. 11 through 23.

FIGS. 8 and 9 illustrate another four-way valve made
in accordance with the invention. The parts of the four-
way valve shown in FIGS. 8 and 9 which are the same
as the first embodiment of FIGS. 1 through 4, the sec-
ond embodiment of FIG. 5, and the third embodiment
of FIGS. 6 through 7, have been marked with the same
reference numerals followed by the small letter “c”.
The difference between the four-way valve embodi-
ment shown in FIGS. 6 and 7 and the four-way valve
embodiment shown in FIGS. 8 and 9 is that the cylinder
ports, the inlet port and the one exhaust port have been
disposed 90 degrees apart from each other, and the
exhaust passage in the pole piece 19c¢ is internally
threaded, and the pole piece 19c¢ is held in place in the
same manner as described hereinbefore by the same
lock nut structure employed by the embodiment of
FIG. S.

In the embodiment of FIGS. 8 and 9, the valve body
upper member 104c and the valve body lower member
105¢ are joined along an L-shaped line wherein the
numeral 116 indicates the bottom L-shape of the valve
body upper member 104¢ and the numeral 117 indicates
the top L-shaped surface of the valve body lower mem-
ber 105¢. The valve body lower member 105c¢ is releas-
ably secured to the valve body upper member 104c by a
plurality of suitable machine screws 106c.
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As shown in FIG. 8, the number two cylinder pas-
sage 100c communicates with a threaded cylinder port
112. The second exhaust passage 103¢ communicates
with a threaded exhaust port 113. The number two
cylinder port 112 and the number two exhaust port 113
are disclosed opposite each other, as shown in FIGS. 8§
and 9. As shown in FIG. 9, the inlet passage 68¢ com-
municates with a threaded inlet port 111 which is dis-
posed opposite to the number one cylinder threaded
port 115, which is connected to the number one cylin-
der passage 69¢. The number one cylinder threaded port
115 does not appear in FIG. 8. However, the number
one cylinder passage 69c leads upwardly from the
threaded cylinder port 115, which is on the same level
as the inlet port 111 and upwardly into communication
with the bore 86¢. |

The four-way valve embodiment of FIG. 8 functions
in the same manner as the four-way valve embodiment
of FIGS. 6 and 7. In the position shown in FIG. 8 the
solenoid operator 12c is in the de-energized position and
cylinder port 112 is blocked from communication with
exhaust port 113 by the counter-balancing and valve
spool means 80c and 81c. The cylinder port 115 is open
to the exhaust threaded port 99¢, while cylinder port
112 1s supplied with fluid under pressure from the axial
bore 67¢ which is supplied with fluid under pressure by
the threaded inlet port 111. When the solenoid operator
12¢ 15 energized, the solenoid plunger 47¢ moves up-
wardly to block the exhaust passage or port 99¢ and
open the axial bore 67¢ to bore 86¢ and allow fluid
pressure to flow to cylinder port 115, while allowing
cylinder port 112 to exhaust through exhaust port 113.

FIGS. 10 through 23 illustrate another embodiment
of the invention which comprises a four-way piped
valve that has the valve body made in two parts, with
an upper body member and a lower body member, and
wherein the lower body member may be rotated to
different positions, so that the various ports may be used
in different optimum positions without the necessity of
providing a valve with a unitary valve body and having
the ports in special positions. The parts of the four-way
valve embodiment illustrated in FIGS. 10 through 23
which are the same as the parts of the previously de-
scribed embodiments have been marked with the same
reference numerals followed by the small letter “d”. As
illustrated in FIGS. 10 and 11, the solenoid operator 12d
would be of the same structure and function as em-
ployed in the previously described embodiments. The
valve body upper member 1044 is block-shaped, and
mates with a similar block-shaped valve body lower
member 105d. |

As best seen in FIGS. 12, 20-22, the valve body
lower member 1054 is provided with an axial, integral
boss or pivot shaft 120 on the upper end thereof. As
shown in FIG. 12, the valve body upper member 1044
s provided on the lower end thereof with an axial pivot
cavity or chamber 121 for the rotatable reception of the
boss 120 on the valve body lower member 1054. A
suitable O-ring seal 122 is operatively mounted between
the lower end of the boss 120 and the outer end of the
bore or pivot cavity 121. In the assembled condition
shown in FIG. 12, the lower end 123 of the valve body
upper member 1044 is rotatably and slidably seated on
the upper surface 124 of the valve body lower member
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end 133 of the pivot boss 120, so as to form the fluid
transter passage 102d. As illustrated in FIG. 13, the
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valve body upper member 1044 is detachably con-
nected to the solenoid operator 124 by any suitable
means, as by a pair of suitable machine screws 137
which extend from the solenoid operator 124 and
downwardly into the threaded bores 138 formed in the
valve body upper member 1044, One of the threaded
bores 138 is also shown in FIG. 12. As shown in FIGS.
10 and 16, the valve body lower member 1054 is releas-
ably secured to the valve body upper member 1044 by
a pair of suitable machine screws 129, which are
adapted to pass through threaded holes or bores 134
(FIG. 23), formed through the valve body lower mem-
ber 1054, and into threaded engagement with two of the
four threaded bores 130 (FIG. 16), which are formed in
the lower end of the valve body upper member 1044, As
shown in FIGS. 12, 13 and 18, the numeral 139 desig-

nates a recess or bore for the reception of the lower end

of the solenoid operator 124.

The four-way valve embodiment of FIGS. 10
through 23 functions in the same manner as described
hereinbefore for the previous embodiment of FIGS. 8
and 9. However, the embodiment of FIGS. 10 through
23 1s more flexible in that the machine screws 129 can be
removed from the valve body lower member 1054, and
the valve body lower member 1054 can then be rotated
to any one of four selected positions, for positioning the
number two cylinder port 112d and the number two

exhaust port 1134 in different positions relative to the

inlet and number one cylinder ports, 111d and 1154,
respectively. The machine screws 129 are then replaced

to hold the valve body lower member 1054 in the se-
lected position.

A suitable solenoid operator for use in all of the valve
embodiments illustrated in FIGS. 1 through 23 is one
available on the market from Nass Magnet GmbH,
Postfach 43 27, D-3000 Hannover 1, under the designa-
tion of TYP 0543 02 4.0. |

The fluid transfer passage 102, in all of the four-way
valve embodiments is also designated in the claims here-
after as an intermediate fluid transfer chamber.

A unique feature of the invention is that the counter-
balancing means 72 and solenoid plunger 47 move the
same longitudinal travel distance for equal size three-
way and four-way valves.

The solenoid plunger 47 in all of the invention em-
bodiments is balanced in the energized position. This
unique feature is illustrated in the first embodiment in
FIG. 4, by the sealing action diameter 28, which is
effected when the upper poppet seal 54 seats on the
exhaust passage valve seat 27. The balancing action
occurs because the diameter of the axial bore 67 is made
equal to the sealing action diameter 28.

What 1s claimed is:

1. A balanced solenoid operated valve, characterized
in that it comprises:

(a) a valve body having a bore formed in one end
thereof, and an axial bore having a diameter smaller
than said first named bore formed in said valve
body and communicating at one end with and ex-
tending axially and longitudinally inward from the
first named bore:;

(b) said axial bore having a poppet valve seat formed
therearound at the end thereof which communi-
cates with said first named bore; |

(c) a solenoid operatively mounted on said valve
body and having a solenoid plunger provided with
a first poppet valve seal axially and transversely
disposed on one end thereof and a second poppet
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valve seal axially and transversely disposed on the
other end thereof;

(d) said solenoid plunger being movable to a balanced
de-energized position by a spring means and to a
balanced energized position when the solenoid i1s
energized, and when it is in the de-energized posi-
tion the first poppot valve seal is scated on the
poppet valve seat formed around said end of the
axial bore which communicates with said first
named bore;

() an elongated counter-balancing spool member
having one end thereof attached to the end of the
solenoid plunger on which the first poppet valve
seal is mounted and provided on the other end
thereof with a flange means carrying a seal means
for sealingly engaging the axial bore;

(f) said valve being provided with cylinder port
means and exhaust port means, and a pressurized
fluid inlet port and passage connected to said axial
bore at a position between the ends of the elon-
gated counter-balancing spool member; and,

(g) the flow of pressurized fluid between said ports 1s
selectively effected when the solenoid plunger is in
the de-energized and energized positions.

2. A balanced solenoid operated valve, characterized

in that it comprises:

(a) a valve body having a bore formed in one end
thereof, and an axial bore having a diameter smaller
than said first named bore formed in said valve
body and communicating at one end with and ex-
tending axially and longitudinally inward from the
first named bore;

(b) said axial bore having a poppet valve seat formed
therearound at the end thereof which communi-
cates with said first named bore;

(c) a solenoid operatively mounted on said valve
body and having a solenoid plunger provided with
a first poppet valve seal axially and transversely
disposed on one end thereof and a second poppet
valve seal axially and transversely disposed on the
other end thereof;

(d) said solenoid plunger being movable to a balanced
de-energized position by a spring means and to a
balanced energized position when the solenoid is
energized, and when it is in the de-energized posi-
tion the first poppet valve seal is seated on the
poppet valve seat formed around said end of the
axial bore which communicates with said first
named bore;

(e) an elongated counter-balancing spool member
having one end thereof attached to the end of the
solenoid plunger on which the first poppet valve
seal 1s mounted and provided on the other end
thereof with a flange means carrying a seal means
for sealingly engaging the axial bore;

(f) said valve being provided with cylinder port
means and exhaust port means, and a pressurized
fluid inlet port and passage connected to said axial
bore at a position between the ends of the elon-
gated counter-balancing spool member;

(g) the flow of pressurized fluid between said ports 1s
selectively effected when the solenoid plunger is in
the de-energized and energized positions; and,

(h) said cylinder port means includes at least a first
cylinder port formed in said valve body and con-
nected by an exhaust passageway formed through
the solenoid to a first exhaust port of said exhaust
port means, and when the solenoid plunger is in the
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de-energized position said first cylinder port i1s
exhausted through said exhaust passageway to said
exhaust port, and when the solenoid plunger is
moved to the energized position the second poppet
valve seal thereon seats on a poppet valve seat
formed in said exhaust passageway, in a balanced
condition to block flow through the exhaust pas-
sageway between said first cylinder port and said
first exhaust port and said first poppet valve seal on
the solenoid plunger is moved off of the first named
poppet valve seat to allow flow of pressurized fluid
from said axial bore through a passage in the valve
body to the first cylinder port.

3. A balanced solenoid operated valve, as defined in

claim 2, characterized in that:

(a) said valve body comprises a valve body upper
member and a detachably mounted valve body
lower member;

(b) said axial bore comprises a first portion in the
valve body upper member, and an axially aligned
and longitudinally spaced apart second portion in
the valve body lower member, and the longitudi-
nally spaced apart adjacent ends of the first and
second axial bore portions communicate with an
intermediate fluid transfer chamber, and said pres-
surized fluid inlet port and passage 1s connected to
the axial bore first portion;

(c) said cylinder port means includes a second cylin-
der port formed in one of the valve body members
and being normally connected to a passageway
through the intermediate fluid transfer chamber
with the first portion of the axial bore in the valve
body upper member when the solenoid is de-ener-
gized to receive pressurized fluid from the first
portion of the axial bore;

(d) said exhaust port means includes a second exhaust
port formed in the valve body lower member and
being normally connected to the axial bore second
portion and the intermediate fluid transfer chamber
when the solenoid is energized; and,

(e) said elongated counter-balancing spool member
other end with a flange means carrying a seal
means is normally positioned with said seal means
in the second portion of said axial bore when the
solenoid is de-energized, and when the solenoid 1s
energized said counter-balancing spool member
seal means is moved across said intermediate fluid
transfer chamber and into said first portion of said
axial bore, to close off the flow of pressurized fluid
from the axial bore and through the intermediate
fluid transfer chamber into said second cylinder
port, and to connect the second cylinder port
through the intermediate fluid transfer chamber
and the second portion of the axial bore to said
second exhaust port.

4. A balanced solenoid operated valve, as defined in

claim 3, characterized in that:

(a) said second cylinder port is formed in the valve
body upper member.

8. A balanced solenoid operated valve, as defined 1n

claim 4, characterized in that:

(a) said valve body lower member is rotatably adjust-
able relative to the valve body upper member.

8. A balanced solenoid operated valve, as defined in

claim 3, characterized 1n that:

(2) said second cylinder port is formed in the valve
body lower member.
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| . 8. A balanced solenoi ‘
7. A balanced solenoid operated valve, as defined in claim 2 Chal;(;itei?zzgc;gitigirated valve, as defined in

(a) 2 manual operator is operatively mounted in said
valve body and engageable with the solenoid

(a) said valve body lower member is rotatably adjust- > plunger for moving it from the de-energized posi-
tion to the energized position.

able to a selected one of a plurality of positions. k ok k%

claim 6, characterized in that:
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